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Submaximal exercise testing predicts perioperative
hospitalization after aortic aneurysm repair
James M. Prentis, MBBS,a,b Michael I. Trenell, PhD,b,c,d Dave J. Jones, PhD,b,c Tim Lees, MD, FRCS,e
Mike Clarke, MD,e and Chris P. Snowden, MD,a,b,c Newcastle upon Tyne, United Kingdom
Background: Aortic aneurysm repair is a high-risk surgical procedure. Patients are often elderly, with multiple comor-
bidities that predispose them to perioperative morbidity. Use of endovascular aneurysm repair (EVAR) has increased due
to reduced early perioperative risk. This study assessed whether preoperative cardiopulmonary exercise testing (CPET)
could be used to predict morbidity and hospital length of stay (LOS) after aortic aneurysm repair.
Methods: A total of 185 patients underwent surgical repair (84 open repairs, 101 EVAR) and had adequate determination
of a submaximal CPET parameter (anaerobic threshold).
Results: Patient comorbidities and cardiorespiratory fitness, derived from CPET, were similar between surgical proce-
dures. Patients undergoing EVAR had fewer complications (10% vs 32%; P < .0001) and shorter mean (standard
deviation [SD]) hospital LOS of 5.7 (9.3) days vs 14.4 (10.9) days compared with open repair (P< .0001). The hospital
LOS was significantly increased in patients with one or more complications in both groups compared with those with no
complications. In the open repair group, the level of fitness, as defined by anaerobic threshold, was an independent
predictor of postoperative morbidity and hospital LOS. When the optimal anaerobic threshold (10 mL/min/kg) derived
from receiver operator curve analysis was used as a cutoff value, unfit patients stayed significantly longer than fit patients
in critical care (mean, 6.4 [SD, 6.9] days vs 2.4 [SD, 2.9] days; P .002) and in the hospital (mean, 23.1 [SD, 14.8] days
vs 11.0 [SD, 6.1] days; P< .0001). In contrast, fitness in the EVAR group was not predictive of postoperative morbidity
but did have predictive value for hospital LOS.
Conclusions: Cardiorespiratory fitness holds significant clinical value before aortic aneurysm repair in predicting
postsurgical complications and duration of critical care and hospital LOS. Preoperative measurement of fitness could then
direct clinical management with regard to operative choice, postoperative resource allocation, and informed patient
decision making. (J Vasc Surg 2012;56:1564-70.)
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pThe advent of endovascular repair (EVAR) of ab-
dominal aortic aneurysms (AAA) has provided an alter-
native approach to an open surgical procedure. The rate
of EVAR has been increasing dramatically during the
past 5 years1 due to the early reduction in perioperative
morbidity and mortality compared with open repair.2
However, the recently reported significant long-term
sequelae of EVAR, including life-threatening graft-re-
lated complications3 and the requirement for long-term
surveillance, have emphasized the importance of appro-
priate preoperative surgical decision making based on a
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1564onsideration of both surgical operability and pre-exist-
ng comorbidities.
Current methods for preoperative comorbidity risk
tratification before aneurysm repair lack sensitivity and
pecificity.4 Specific preoperative investigations, such as
esting or stress echocardiography, are designed solely to
nvestigate organ-specific comorbidity, predominately
ardiac.5,6 The value of these investigations as tools to
redict more generalized postoperative complications is
imited.4,7 Simple scoring systems, such as the American
ociety of Anesthesiologists Physical Status Classifica-
ion System, have repeatedly been shown to underesti-
ate the risk to the individual.8 Risk models are also of
imited value because they use intraoperative data or
nclude factors that have no potential for alteration be-
ore surgery.9-11
Measurement of cardiorespiratory fitness derived from
oninvasive cardiopulmonary exercise testing (CPET) has
een shown to be predictive of complications in the imme-
iate perioperative period in patients undergoing major
lective surgery.12 There is also evidence that fitness, mea-
ured in this way, relates to midterm mortality in patients
ndergoing open aneurysm repair.13 However, the ability
f CPET to predict outcome has not been previously
ssessed in patients undergoing EVAR. This study aimed to
ssess the use of CPET to predict morbidity in unselected
atients scheduled for elective endovascular or open AAA
epair.
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This study was reviewed by the local Ethics Committee,
and the protocol underwent appropriate institutional re-
view. All patients who participated provided informed con-
sent.
Patient population and study procedures. During a
3-year period, an unselected cohort of patients scheduled
for elective infrarenal aortic aneurysm repair (open or en-
dovascular) simultaneously underwent CPET in a single
center (Freeman Hospital, Newcastle upon Tyne, UK) to
provide information about existing cardiopulmonary func-
tion. The primary cardiorespiratory variable of interest was
the anaerobic threshold (AT). Patients were excluded from
analysis if the AT value was not confidently determined
from the CPET test by two experienced interpreters.
Blinding. The variables determined from the CPET
test were not available to the referring surgeon and did not
influence the multidisciplinary decision for the patient to
undergo open or endovascular repair. The clinicians in-
volved in the perioperative management of these patients
had no a priori knowledge of the CPET results.
Intraoperative surgical and anesthetic management was
standard for all patients. If the patient underwent open
surgical repair, the case only proceeded if a high-dependency-
care bed (at least level 2) was available, and the patient was
discharged from the surgical recovery area to the critical
care unit. EVAR patients were discharged to the ward, after
a short period in the surgical recovery area, unless the
anesthetist requested a critical care bed based on his or her
clinical assessment of need. Patients were discharged from
hospital when deemed appropriate by the surgical team.
Cardiopulmonary exercise testing. Patients under-
went a symptom-limited, progressive ramped exercise test
on an electronically braked cycle ergometer (Lode, Groni-
gen, The Netherlands). During the test, expired gases were
collected and analyzed offline for ventilation (VE), oxygen
consumption (VO2), and carbon dioxide production
(VCO2; Scott Medical, Plumsteadville, Pa). Cardiac func-
tion was measured by 12-lead electrocardiography (Welch
Allan, Skaneateles Falls, NY). Flow and gas calibration were
performed manually before each test. The ramp work rate
increase was predetermined from an estimate of expected
work capacity, based on sex, age, and height, to aim for a
loaded exercise test duration of between 6 and 10 min-
utes.14 The test was stopped on voluntary termination
(fatigue, pain, light-headedness), failure to maintain 40
rpm for 30 seconds despite encouragement, or presenta-
tion of clinical indications. Determinants of cardiorespira-
tory function included peak VO2 (defined as the highest
VO2 during the final 30 seconds of exercise), maximum
heart rate, ventilatory equivalents for carbon dioxide (VE/
VCO2) and the AT, as determined by the V-slopemethod.
15
Data collection and outcome measures. Continuous
explanatory variables were collected prospectively, includ-
ing age at CPET (years), body mass index (kg/m2), aneu-
rysm size (cm), blood analysis results (hemoglobin, white
cell count, creatinine, urea), and CPET variables. Categoric mxplanatory variables collected prospectively included treat-
ent type (open or endovascular), smoking status (current,
ormer, or never), sex (male or female), and drug history.
Identification of postoperative morbidity was recorded
y the surgical team in charge of the care of the patients and
ivided into the complication types:
● Cardiovascular—myocardial infarction, left ventricular
failure, major arrhythmias
● Respiratory—pneumonia, need for continuous posi-
tive airway pressure ventilation or invasive ventilation
● Renal—need for renal replacement therapy or increase
in serum creatinine of more than three times baseline
● Gastrointestinal—prolonged ileus
● Wound complications—infection or dehiscence
● Neurologic—acute confusional state, cerebrovascular
accident
● Graft infection, reintervention, and thrombosis
Postoperative outcome in the context of the presence
r absence of major complications was treated as a dichot-
mous variable. The outcomes of hospital and critical care
ength of stay (LOS) in days were treated as continuous
ariables.
Hospital records were reviewed for all patients who
nderwent their planned surgical procedure to assess for
peration type, hospital and critical care LOS, and in-
ospital mortality. The medical personnel undertaking the
ospital records review were also unaware of CPET results.
Statistical methods. Difference in demographics ac-
ording to type of surgery and AT were identified using
-tests, Mann-Whitney tests, and 2 tests. Odds ratios
ORs) and their corresponding 95% confidence intervals
CIs) for postoperative complications were estimated by
sing maximum likelihood logistic regression models. Ini-
ially, univariate models were fitted for each explanatory
ariable. Then, a backward stepwise multivariate regression
pproach was used to explore the independent significance
f important clinical variables, including those derived from
ardiorespiratory testing.
Receiver operator characteristic (ROC) curve analysis
as used to further investigate AT as a predictor of postop-
rative complications. From this analysis, the optimum AT
utoff point, based on sensitivity and specificity, was iden-
ified and used in the next stage of the analysis. Kaplan-
eier curves representing hospital LOS and critical care
OS were stratified by the derived AT cutoff. Hazard ratios
HRs) and 95% CIs for hospital and critical care LOS were
stimated using Cox regression.
ESULTS
Adequate determination of AT on CPET was available
or 185 patients who underwent surgical repair; of these,
01 patients had EVAR and 84 had an open repair. AT was
ndeterminate in a further 27 patients who underwent
PET (“failure” rate of 12.7%). There was no significant
ifference between the open repair or EVAR groups with
espect to comorbidities or cardiorespiratory reserve as
easured by CPET (Table I). The 84 patients who under-
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ately postoperatively. Of 101 patients undergoing EVAR,
17 were admitted to the critical care unit postoperatively,
and only two of these patients remained in critical care48
hours. The remaining EVAR patients returned to the gen-
eral surgical ward postoperatively.
The overall rate of major postoperative complications
was significantly higher in the open repair group (32%) than
the EVAR group (10%; 2  14.2; P  .0001). The mean
(standard deviation) overall hospital LOS was also in-
creased in the open repair patients compared with the
EVAR group (14.4 [11.0] vs 5.7 [9.3] days; P  .0001).
Within the open repair group, patients with one or more
complications had a significantly increased hospital LOS
(median, 24 [95% CI, 21.2-26.8] days; mean, 28.1 days)
compared with those who had no complications (median, 8
[95% CI, 7.3-8.7] days; mean, 9.4 days; log-rank P 
.0001). This same trend was seen in the EVAR group with
complications (median, 8 [95% CI, 0.25-15.7] days; mean,
22.0 days) compared with those without complications
(median, 3 [95% CI, 2.6-3.4] days; mean, 4.3 days; 2 
17.7; log-rank P  .0001).
Given the significant difference in primary outcome
between open AAA repair and EVAR in complications,
further analyses distinguished between the two operative
groups (Fig 1).
Open AAA repair. Univariate logistic regression anal-
Table I. Demographics between operation types
Variablea
All
(n  185)
Sex
Male 161
Female 24
Age, years 73.4 (8.2)
Body mass index, kg/m2 27.7 (4.9)
Smoking
Never 27
Former 116
Current 42
Hypertension 142
Hypercholesterolemia 132
Ischemic heart disease 83
Diabetes 24
Chronic cardiac failure 6
Revised cardiac risk index 1.66 (0.66)
Exercise testing variables
Anaerobic threshold, mL/min/kg 11.3 (2.7)
Peak VO2, mL/min/kg 14.0 (3.5)
VE/VCO2 37.9 (6.3)
VO2/heart rate 10.3 (3.0)
Blood results
Creatinine, mol/L 118 (62)
Hemoglobin, g/dL 13.7 (1.6)
White cell count, 109/L 7.5 (1.9)
Aneurysm size, cm 6.4 (1.1)
Hospital LOS, days 9.5 (10.9)
EVAR, Endovascular aneurysm repair; LOS, length of stay; SD, standard de
oxygen consumption.
aContinuous variables are expressed as mean (SD) and categoric data as couysis demonstrated significant value (P  .05) of CPET dariables (peak VO2, AT, and watts) in the prediction of
ostoperative complications (primary outcome) in patients
ndergoing open repair. Variables were added to the back-
ard multivariate regression at a reduced significance of
 .1 (age, peak VO2, AT, VO2/heart rate, max heart rate,
nd watts) to determine the independent significance of
ach variable. All variables were removed from the model
xcept AT, which remained as a significant independent
redictor variable for the presence or absence of postoper-
tive complications (Table II). ROC curve analysis showed
hat 10.0 mL/min/kg was the optimal AT level to predict
hose at risk for increased rates of postoperative complica-
ions. This was sensitive (70%) and specific (86%), with
ood accuracy (area under the curve, 0.75; 95% CI, 0.63-
.83; P  .001).
When the optimal value of 10 mL/min/kg, derived
rom the ROC curve analysis, was used as a cutoff value,
aplan-Meier analysis revealed differences in the critical
are LOS in unfit patients (median, 4.1 [95% CI, 1.6-6.5]
ays; mean, 6.4 days) vs fit patients (median, 1.2 [95% CI,
.0-1.4] days; mean, 2.4 days; 2 9.44; P .002: Fig 2,
) and also in total hospital LOS in unfit (median, 16 [95%
I, 8.5-23.5] days; mean, 23.1 days) vs fit patients (me-
ian, 8 [95%CI, 7.5-8.9] days; mean, 11.0 days; 2 9.44;
 .001; Fig 2, B).
AT (as a continuous variable) and age were used as
ariables in Cox regression analysis to determine the pre-
EVAR Open
P(n  101) (n  84)
88 73
13 11 .99
74.0 (8.5) 72.7 (7.6) .29
27.8 (5.0) 27.6 (4.9) .77
17 10 .41
67 49 .29
17 25 .05
81 61 .29
70 52 .63
51 32 .10
15 9 .51
4 2 .69
1.73 (0.68) 1.57 (0.63) .10
11.3 (2.7) 11.4 (2.7) .95
14.1 (3.4) 13.9 (3.5) .62
37.7 (5.8) 38.1 (6.7) .70
10.2 (3.0) 10.4 (2.9) .56
115 (53) 122 (71) .41
13.7 (1.7) 13.8 (1.5) .77
7.3 (2.0) 7.7 (1.8) .18
6.2 (0.9) 6.6 (1.2) .003
5.7 (9.3) 14.4 (10.9) .0001
; VE/VCO2, expired volume per unit time/volume of carbon dioxide; VO2,viationictive value to the secondary outcomes of hospital and
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were AT (HR, 1.13; 95% CI, 1.04-1.23; P .004) and age
(HR, 0.96; 95% CI, 0.93-0.99; P  .012), whereas only
age was significantly predictive of critical care LOS (HR,
0.96; 95% CI, 0.94-0.99; P  .011) compared with AT
(HR, 1.08; 95% CI, 0.99-1.17; P  .064) in patients
undergoing open AAA repair.
Table III shows the incidence of major preoperative
complication types for open AAA repair. There were
significant differences between the rates of respiratory,
renal, and cardiac complications between “unfit” and
“fit” patients defined by the optimum cut-point (AT 
or  10 mL/min/kg) determined by ROC curve anal-
ysis.
The in-hospital mortality rate for open AAA repair was
five of 84 (5.9%). Three of 27 patients (11.1%) were in the
unfit group compared with two of 58 (3.4%) in the fit
group, both of whom had an AT 12 mL/min/kg.
Endovascular aneurysm repair. One of the 101
EVAR patients died, for an in-hospital mortality rate of
1.0%. In contrast to open AAA repair, no independent
variables were significantly predictive of major postopera-
tive complications on univariate analysis. No multivariate
analysis was performed. Cox regression analysis revealed
that only the AT (HR, 1.15; 95% CI, 1.06-1.24; P  .01)
was relevant to the prediction of the hospital LOS in
patients undergoing EVAR. Neither age nor AT demon-
strated a predictive value for critical care LOS. Indeed,
critical care usage was extremely low: only two patients
EVAR with no complicaons
EVAR with =>1 complicaons
Open Repair with no complicaons
Open Repair with =>1 complicaons
Fig 1. Kaplan-Meier estimates of hospital length of stay (LOS) in
patients with and without major postoperative complications un-
dergoing open abdominal and endovascular abdominal aortic an-
eurysm repair (EVAR).stayed 48 hours. VISCUSSION
This study provides supportive evidence for the predic-
ive value of preoperative cardiorespiratory fitness in deter-
ining major morbidity and critical care and hospital LOS
n vascular patients undergoing elective open AAA repair.
n addition, the inclusion of patients undergoing EVAR has
emonstrated that fitness has more relevance to postoper-
tive hospital LOS, independent of the development of
ajor complications in this surgical group. Taken together,
hese findings have important clinical implications for the
ppropriate choice of operative intervention in patients
ith poor cardiorespiratory fitness.
Recent studies have shown that EVAR is associated
ith increased rates of graft-related complications and is
lso more expensive in the long-term than open repair.2
ndeed, the early benefit of EVAR with respect to periop-
rative mortality is at least partially reduced due to fatal
ndograft ruptures.3 It follows that performing open sur-
ical repair may be more appropriate whenever low post-
perative morbidity and mortality can be ensured. This
tudy has demonstrated that CPET has value in determin-
ng a group of patients where surgical outcome is good.
able II. Univariate and multivariate logistic regression
nalysis for the prediction of major complications after
pen aortic aneurysm surgery
ariables OR (95% CI) P
emographics
Age, years 1.07 (1.0-1.14) .06
Body mass index, kg/m2 0.98 (0.89-1.08) .72
Revised cardiac risk index 1.23 (0.60-2.59) .56
Ischemic heart disease 1.26 (0.49-3.24) .64
Hypercholesterolemia 1.52 (0.57-4.08) .40
Hypertension 1.03 (0.36-2.94) .95
Diabetes 1.89 (0.46-7.72) .38
xercise testing variables
Anaerobic threshold, mL/
min/kg 0.71 (0.67-0.88) .0015
Peak VO2, mL/min/kg 0.83 (0.71-0.96) .006
VO2/heart rate 0.87 (0.73-1.02) .09
VE/VCO2 1.02 (0.95-1.10) .54
Max heart rate 0.98 (0.96-1.00) .097
Watts 0.98 (0.97-1.00) .03
reoperative blood tests
Hemoglobin, g/dL 0.83 (0.61-1.13) .23
White cell count 109/L 0.91 (0.71-1.18) .48
Creatinine, mol/L 1.00 (0.99-1.00) .42
Urea, mmol/L 1.08 (0.95-1.22) .24
edications
Antiplatelet 0.68 (0.26-1.80) .44
ACEI 0.44 (0.15-1.27) .11
-Blockers 1.25 (0.46-3.34) .66
Statin 1.06 (0.37-3.00) .91
neurysm size, cm 0.86 (0.56-1.31) .46
ultivariate analysis
Anaerobic threshold, mL/
min/kg 0.71 (0.57-0.88) .002
CEI, Angiotensin-converting enzyme inhibitor; CI, confidence interval;
R, odds ratio; VE/VCO2, expired volume per unit time/volume of carbon
ioxide; VO2, oxygen consumption.arious measures derived from CPET, and most signifi-
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December 20121568 Prentis et alcantly the AT, define patients at reduced risk of postoper-
ative complications and reduced hospital and critical care
LOS compared with unfit patients. Although the study was
not powered for mortality, there was also a low rate of
mortality in this group. Given the recent information re-
garding long-term EVAR complications, fitness may be an
Unﬁt populaon: median 16 days (CI
8.5-23.5); mean 23.1 days
Fit populaon: median 8 days (CI 7 1-.
8.9); mean 11.0 days
Chi squared 9.44; p<0.0001
Unﬁt populaon: median 4.1 days 
(CI 1.6 - 6.5); mean 6.4 days
Fit populaon: median 1.2 days
(CI 1.0 - 1.4); mean 2.4 days
Chi squared 9.44; p=0.002 
A
B
Fig 2. Kaplan-Meier estimates for (A) critical care and (B) hos-
pital length of stay (LOS) for open abdominal aortic aneurysm
(AAA) repair defined by cardiorespiratory fitness (fit: anaerobic
threshold10 mL/min/kg; unfit: anaerobic threshold10 mL/
min/kg). CI, Confidence interval.important consideration in determining the suitability of Eeferral for open surgery rather than EVAR, thereby pre-
enting the long-term sequelae of EVAR repair.
In contrast, where open AAA repair in unfit patients is
eemed inappropriate in outcome benefit, the introduction
f EVAR has allowed an acceptable, low-risk procedure to
revent aneurysm-related death, even in those with signif-
cant comorbidities. Indeed, a recent publication examin-
ng AAA patients physically ineligible (ie, unfit) for open
epair showed that EVARwas associated with a significantly
ower rate of aneurysm-related death than no repair.16 Our
tudy is in keeping with this finding: EVAR was not asso-
iated with high rates of major complications and there was
inimal perioperative death, even in the higher-risk pa-
ients. The corollary is that unfit patients may benefit from
n endovascular approach rather than open repair, even
hen the latter is surgically possible. Acceptance of a mod-
rately longer hospital LOS, seemingly unrelated to the
evelopment ofmajor complications, may be appropriate in
hese patients, although this still remains significantly less
han those unfit patients undergoing open AAA.
This study did not specifically address whether CPET
utperforms other forms of cardiac stress testing (eg, do-
utamine stress echocardiography) in the detection of
igh-risk surgical patients. In this context, however, con-
entrating primarily on the detection of cardiac ischemia
nd its sequelae and the relation to perioperative stress may
ot be appropriate in the noncardiac setting. Indeed, al-
hough cardiac complications are important, pulmonary
nd renal complications were encounteredmore commonly
n this study. Furthermore, the exciting potential for im-
roving fitness levels through exercise therapy lends itself to
he quantitative measurement of global functional reserve
ather than to a simple measure of cardiac function.
Therapeutic exercise training is being promoted as a
ossible preoperative intervention to improve cardiorespi-
atory fitness and decrease perioperative risk.17 However,
his must be approached with caution because intensive
xercise therapy before AAA surgery has been associated
ith serious adverse events.18,19 Given an acceptable peri-
perative outcome from EVAR, even in the unfit patient
roup, this surgical technique has to be seen as the most
uitable intervention to reduce early aneurysm-related
eath rather than subjecting an individual to the inherent
isk and delay promoted by preoperative exercise interven-
ion. Indeed, because EVAR has no major effect on long
erm all-cause mortality compared with nonsurgical ther-
py,16 the challenge for exercise intervention becomes that
f the prevention of reduced longevity by postoperative
ehabilitation therapy rather than preoperative exercise in-
ervention. In this context, rehabilitation in patients with
eart failure, where low functional reserve is associated with
igher rates of mortality,20 has been shown to reduce
ospitalization, improve quality of life, and possibly reduce
ong-term death.21
Ultimately, if stratification based on cardiorespiratory
eserve is able to define good outcomes from fit patients
ndergoing open repair and unfit patients undergoing
VAR, the remaining value of preoperative training inter-
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Volume 56, Number 6 Prentis et al 1569vention would be to improve the surgical outcome of unfit
patients anatomically unsuitable for EVAR. In these diffi-
cult cases, careful assessment of the risks and benefits of any
training program has to be considered. Further studies are
now required to assess if using this information clinically to
direct care improves outcomes.
Among the limitations of this study are that it was a
single-center experience of the use of CPET before aortic
aneurysm interventions. Furthermore, despite our best ef-
forts to have a consecutive cohort, a number of patients did
not undergo CPET due to their failure to attend the
preoperative assessment clinic at the Freeman Hospital or
due to capacity issues at the time of assessment. However, it
was an unselected group of patients.
There has also been discussion in the literature con-
cerning the appropriate method of determining the AT.22
The UKCPET investigators have adopted the V-slope
methodology into guidelines on preoperative testing in an
attempt to standardize the determination of AT. We have
therefore adopted this technique into our institutional re-
search. A 12.7% failure rate of CPET in this cohort of
patients could be construed as a weakness of the technique.
However, all forms of stress testing have an associated
failure rate. For example, a recent report concerning liver
transplant recipient testing showed that dobutamine stress
echocardiography had a 33% “failure rate” in that popula-
tion.23 “Failure” in this study was deemed as being unable
to achieve an AT. There will also be a significant percentage
of that group who achieved a peak VO2 10 mL/min/kg
but did not reach their AT. This does not necessarily
indicate reduced functional reserve.
CONCLUSIONS
This study demonstrates that CPET holds significant
clinical value in the recognition of a fit population who have
Table III. Outcome after open aneurysm repair
Variable
All
(N  84)
In-hospital mortality, No. (%) 5 (5.8)
Patients 1 complication, No. (%) 27
Complications, No. (%)
Respiratory 13
Renal 10
Cardiac 7
Gastrointestinal 4
Graft 3
Wound 2
Neurologic 2
Length of stay, days
Hospital
Median (95% CI) 10
Mean (SD) 14.4 (10.9)
Critical care
Median (95% CI) 1.3
Mean (SD) 3.4 (4.8)
AT, Anaerobic threshold; CI, confidence interval; SD, standard deviation.good outcome after open AAA repair in major morbidity,ritical care, and hospital LOS. Where surgical consider-
tions are favorable, this may facilitate operative decision
aking. In turn, those deemed high risk by virtue of poor
ardiorespiratory fitness may gain in terms of morbidity
enefit from an endovascular approach, wherever feasible.
he use of fitness assessment as a preoperative stratification
ool may negate any proposed benefit of preoperative exercise
rograms and may focus the target for exercise intervention
nto postoperative rehabilitation to improve long-term out-
ome. This approach requires further investigation.
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